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The frequency of thallium-201 late reversibility was pro-
spectively assessed in 118 patients who had stress-
redistribution thallium-201 studies by single photon emis-
sion computed tomography (SPEeT). These patients
demonstrated two or more segments with nonreversible
defects at 4 h imaging and underwent late (18 to 72 h)
redistribution imaging. When the criterion of late revers-
ibility was defined as ~1 segment with 4 h nonreversible
defects demonstrating late reversibility, it was present in 62
(53%) of the 118 patients and 164 (22%) of 762 segments.
When the criterion of ~2 segments was used, late revers-
ibility was found in 41 (35%) of 118 patients and 143 (19%)
of 762 segments. The frequency of detected reversible
defects increased from 27% at 4 h imaging to 43% at
combined 4 h and late imaging (p < 0.0001) and was
significantly increased in all myocardial regions.
. In comparing the efficacy of initial and late imaging
alone versus performing initial, 4 h and late imaging for the
identification of reversible defects, 421 (94%) of 449 seg-
ments classified as reversible by the latter protocol were
Recent studies have shown that myocardial thallium-201
defects that are nonreversible on 4 h redistribution studies
may be associated with improvement in thallium uptake after
successful revascularization (l,2) or with evidence of viable
myocardium as analyzed by positron emission tomographic
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also correctly identified by the early and late imaging only
approach, with the remaining 6% (28 segments) comprising
those segments demonstrating the reversible pattern at 4 h
and the nonreversible pattern at late imaging. No major
differences were noted with respect to clinical, stress elec-
trocardiographic and scintigraphic variables between the
118 patients undergoing late imaging and 98 additional
randomly selected patients with two or more nonreversible
defects at 4 h, who did not have late imaging. This
similarity suggests that the frequency of late reversibility
seen in this study is likely to be close to that which would be
observed in an unselected group of patients referred for
thallium-201 stress testing.
It is concluded that late reversibility of thaUium-201
perfusion defects is common and often extensive. Late
redistribution imaging should be considered when 4 h
nonreversible defects are present. Initial and late imaging
alone may be a reasonable alternative approach to stress-
redistribution thallium-201 imaging.
(J Am Coli CardioI1990;15:334-40)
assessment of glucose metabolism/myocardial blood flow
relations (3). In 1978, our group (4) was the first to describe
the use of late redistribution thallium-201 planar imaging to
assess the presence of "late reversibility," a phenomenon
that was related to evidence of a viable myocardium by wall
motion and electrocardiographic (ECG) criteria (5). We
recently confirmed that these findings occur in single photon
emission computed tomography (SPECT), and have demon-
strated (6) that late reversibility is highly predictive of
postrevascularization improvement in thallium-20l defects.
The goal of the present study was to estimate the fre-
quency of this late defect reversibility in thallium-201
SPECT stress redistribution studies and to assess the rela-
tion between late reversibility with ECG and clinical index of
ischemia. Furthermore, this study was designed to compare
the frequency of reversibility at 4 h and at late redistribution
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Table 1. Comparison of Clinical and Electrocardiographic (ECG)
Variables in the Late Imaging Group and the 4h Imaging Group
*Expressed as mean values ± SD. Ex = exercise; MI = myocardial
infarction by history; MPHR = maximal predicted heart rate (calculated as
220 beats/min minus age).
imaging and to assess the impact of utilizing initial post-
stress and late imaging alone in the detection of reversible
defects.
Methods
Study group. One hundred eighteen consecutive patients
with two or more segments with nonreversible thallium-201
defects at 4 h stress redistribution single photon emission
computed tomography (SPECT) who underwent late (18 to
72 h) imaging constituted the principal group of this study
(late imaging group). Despite our prospective attempt to
perform late redistribution imaging in all patients with non-
reversible defects at 4 h, late imaging was not possible in all
such patients because of technical factors (such as lack of
camera availability) or lack of patient availability or compli-
ance. Because the late imaging group was, therefore, not a
consecutive series of patients, we examined the possibility
that we might have selected those patients most likely to
demonstrate late reversibility at late redistribution imaging,
thereby increasing its observed frequency. For this purpose,
we studied 98 additional patients randomly selected from
patients who were evaluated within the same time period as
the late imaging group and who had two or more nonrevers-
ible segments at 4 h redistribution imaging but did not
undergo late imaging (4 h imaging group). The clinical
characteristics of these patient groups are illustrated in Ta-
ble 1.
Exercise protocol. Symptom-limited treadmill exercise
was performed using the standard Bruce protocol, with 12
lead ECG recording for each minute of exercise and contin-
uous monitoring of leads VI' Vs and aVF. Exercise end
points were physical exhaustion, development of severe
angina, sustained ventricular tachyarrhythmias or exertional
hypotension. All patients were routinely instructed to with-
hold beta-adrenergic blocker or calcium antagonist medica-
tion for 48 h and long-acting nitrates for 6 h before stress
testing.
SPECT thallium·201 scintigraphy. At near maximal exer-
cise, 3 to 4 mCi of thallium-201 was injected intravenously,
and exercise was continued for an additional minute. The
patients were imaged with use of a rotating gamma camera at
15 min, 4 h and between 18 to 72 h after thallium injection.
Thirty or 32 projections were obtained over a semicircular
1800 arc extending from the 450 right anterior oblique to the
left posterior oblique projection. The stress and 4 h studies
were imaged for 40 s/projection. All late imaging studies
used 45 to 60 s/projection; all very late (72 h) redistribution
imaging was performed using 60 s/projection. A large field of
view scintillation camera with 75 photomultiplier tubes and a
0.25 in (0.64 cm) thick sodium iodide crystal was used,
equipped with a low energy, all purpose, parallel hole
collimator. A 20% energy window centered on the 68 to 80
keY peak and a 10% window centered on the 167 keY peak
were employed. All images were stored on magnetic disk
using a 64 x 64, 16 bit matrix. Quality control measures,
filtering and tomographic reconstruction were performed as
previously described (6). Sagittal and oblique tomograms
parallel to the long and short axes of the left ventricle were
extracted from the filtered transaxial tomograms by perform-
ing a coordinate transformation with the appropriate inter-
polation (7). No attenuation or scatter correction was used.
Scintigraphic and electrocardiographic interpretation.
For purposes of visual interpretation, all short-axis and
vertical long-axis tomograms were displayed on transpar-
ency film, with the intensity of each image normalized to the
maximal pixel value in that image. Separate films displaying
aligned slices of the initial, 4 hand 18 to 72 h studies were
obtained.
The thallium-20l myocardial tomograms were divided
into 20 segments for each patient (Fig. 1). These segments
were assigned on six evenly spaced regions in the apical,
midventricular and basal slices of the short-axis views and
two apical segments of the midvertical long-axis slice. All
tomographic images were scored by an experienced ob-
server using a 4 point scoring system (0 == normal, 1 ==
equivocal, 2 == moderate and 3 == severe reduction of
thallium-201 uptake), without knowledge of the clinical
history, ECG results or results ofcoronary angiography. The
criteria for reversibility were as previously described (6). In
brief, a perfusion defect was considered present when a
myocardial segment had an initial post-stress score 2:2.
Stress defects with a visual score <2 at 4 h imaging were
called "4 h reversible," and defects with a score 2:2 were
termed "4 h nonreversible." The 4 h nonreversible defects
were further categorized according to their late reversibility
pattern: those with a score <2 at late imaging were called
"late reversible," and those with a score :2:2 were called
"late nonreversible." To assess the potential impact of
performing only initial post-stress and late redistribution
imaging on the detection of reversible defects, we assessed
the frequency of thallium-201 patterns that were reversible
NS
NS
NS
NS
NS
NS
NS
NS
NS
p Value
63 ± 10
85
47
42
26
7.0 ± 2.9
86 ± II
II
40
4 h Imaging Group
(n = 98)
64±1I
88
59
48
19
7.0 ± 3.3
85 ± II
9
42
Late Imaging Group
(n = 118)
Age (yr)*
Male gender (%)
Prior MI (%)
ECG Q wave (%)
Ex chest pain (%)
Ex duration (min)*
% MPHR*
Ex hypotension (%)
ECG ischemia
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initially but became nonreversible by the time of late imag-
ing. These segments had one of the following combinations
of initial, 4 h and late imaging scores: 2-0-2, 2-1-2, 3-0-3,
3-1-3, 3-0-2 or 3-1-2.
The stress ECG was considered positive if there was>1
mm of horizontal or downsloping or > 1.5 mm upsloping ST
segment depression occurring at 0.08 s after the J point on
any of the surface ECG leads.
Statistical analysis. Statistical assessment of the data
used the patient as the unit of analysis in most of the
analyses and the segment as the unit of analysis in others.
Comparison of clinical, ECG and scintigraphic variables
between independent groups (patients with late reversibility
versus patients with late imaging with no late reversibility,
the 4 h group versus the late group) were made using two
sample t tests for continuous data and chi-square tests for
categorical or nominal data. .
To evaluate the proportion of late reversible segments
compared with the proportion of segments reversible at 4 h
in the late imaging group, a one sample test of proportions
was performed. The hypothesized proportion was taken to
be the proportion of reversible segments at 4 h, and the
sample proportion to be evaluated for consistency with the
null hypothesis was taken to be the total proportion of
segments with stress defects that were reversible at late
imaging.
All continuous variables were summarized by use of
mean values ± SD. The alpha level of significance was set at
0.05 for all analytic assessments. Computations were made
using BMDP and SAS statistical software (8,9).
Results
Frequency of late reversibility. When the criterion for a
patient having thallium-201 late reversibility was defined as
~1 segment of 4 h nonreversible defects demonstrating late
reversibility, it was found in 62 (53%) of the 118 patients and
164 (22%) of the 762 4 h nonreversible myocardial segments
(Fig. 2). Of the 62 patients with late reversibility, 21 (34%)
demonstrated late reversibility in only one segment, 15
(24%) demonstrated late reversibility in two segments and 26
(42%) demonstrated late reversibility in three or more seg-
ments (Fig. 3). Thus, if the more stringent criterion of ~2
segments with late reversibility was used, 41 (35%) of the 118
patients and 143 (19%) ofthe 762 4h nonreversible segments
exhibited late reversibility.
Figure 3. Extent of late reversibility (no. of segments) in the 62
patients from the late imaging group exhibiting late reversibility
(LR).
Figure 2. Frequency of late reversibility (LR) and late nonrevers-
ibility (LNR) in the late imaging group in relation to the number of
patients Oeft) and segments (right).
• 1 SEGMENT ~ 2 SEGMENTS D~ 3 SEGMENTS
LR LR LR
n=62 PATIENTS
LATE IMAGING
SEGMENTS (n = 762)
~
LNR
CJ
LR
LATE IMAGING
PATIENTS (n = 118)
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Table 2. Comparison of the Frequency of Reversibility of Defects at 4h and at Late Imaging According to Myocardial Region
Anterior Septal Inferior Lateral Apical All Regions
Segments with stress defects 136 359 260 177 115 1,047
Reversibility
At 4 h imaging 20%; 27/136 34%; 122/359 22%; 57/260 31%; 54/177 22%; 251115 27%; 28511,047
At 4 h and late imaging 31%; 42/136 48%; 173/359 41%; 107/260 49%; 87/177 35%; 401115 43%; 449/1,047
Relative increase* 55% 41% 86% 63% 59% 59%
p value* 0.001 <0.0001 <0.0001 <0.0001 0.0008 <0.0001
*Percent increase and associated p values for the frequency of segments with reversibility by combined 4 h and late imaging compared with the frequency
of segments with reversibility at 4 h imaging.
Figure 4. Comparative frequency of 4 h reversibility (R) and late
reversibility (LR) in 1,047 segments with an initial stress perfusion
defect. The p value compares the percent of segments with revers-
ibility at both 4 h and late imaging (43%) with the percent of
segments with reversibility at 4h imaging alone (27%). LNR = late
nonreversibility.
Comparative frequency of reversibility at 4 h alone and
combined 4 h and late imaging for each myocardial segment
(Table 2). In the 118 patients undergoing late imaging, there
were 1,047 segments with a stress defect. For each region,
the frequency of reversibility was significantly higher by
combined imaging than by 4 h imaging alone. Of the total of
1,047 stress defects, reversibility at 4 h was noted in 285
(27%) and reversibility occurring between 4 h and late
imaging in a further 16% or 164 segments, with a total of 449
segments (43%) demonstrating reversibility by combined 4h
and late imaging (p < 0.0001 versus reversibility at 4 h
imaging alone) (Fig. 4).
Twenty-eight of the 1,047 segments were reversible at 4 h
imaging and nonreversible at late imaging. Thus, if only
initial and late imaging were performed, 421 (94%) of the 449
segments considered as reversible at 4 h or at late imaging,
or both, would have been detected as reversible.
Comparison of stress electrocardiographic and clinical
variables in patients with and without late reversibility (Table
3). Within the late imaging group of 118 patients, ischemic
ST segment depression was more common in the 62 with late
reversibility than in the 56 without late reversibility (57%
versus 25%) (p < 0.005). Patients with late reversibility
tended to have a higher frequency of exercise-induced chest
ALL REGIONS
CJ
4 hr R
~
LR
p<O.0001
n=1047 segments
..
LNR
pain and a lower frequency of history of prior myocardial
infarction. No difference between patients with late revers-
ibility and those without late reversibility was observed for
presence of Q waves, exercise duration and maximal pre-
dicted heart rate achieved.
Comparison of clinical, electrocardiographic and scinti·
graphic variables in the late imaging group and the 4 h
imaging group (Table 4). When the 118 patients in the late
imaging group were compared with the 98 patients in the 4 h
imaging group (no late imaging), no significant differences
were noted in any clinical or RCG variables (Table 1).
However, there was a trend in the late imaging group toward
a higher frequency of historical myocardial infarction and
RCG Qwaves and a lower frequency of exercise-induced
chest pain. With respect to scintigraphic variables (Table 4),
the late imaging group demonstrated a larger number of
segments that were nonreversible at 4 h (6.5 ± 3.6 versus
5.3 ± 3.3 in the 4h imaging group, p = 0.02). The 4h severity
score was higher in the late imaging group versus the 4 h
imaging group (16.7 ± 9.1 versus 14.1 ± 9.1) (p = 0.03).
However, there was no difference in the stress defect score,
stress severity score and percent segments reversible at 4 h
between the two groups. Thus, overall there was little
difference in the clinical, RCG and scintigraphic variables
between the late imaging group and the 4 h imaging group.
Case example (Fig. 5). Figure 5 shows an example of a 66
year old diabetic man from this study who underwent
stress-redistribution thallium-201 study for evaluation of
Table 3. Comparison of Electrocardiographic and Clinical
Variables in 118 Patients With and Without Late Reversibility of
Thallium-201 Defects
With Late Without Late
Reversibility Reversibility
(n =62) (n = 56) p Value
Ex chest pain 23% 14% NS
Prior MI 53% 66% NS
ECG Qwave 48% 46% NS
Ex duration (min) 6.9 :t 3.3 7.0:t 3.3 NS
% MPHR 84 :t 12 86 :t 11 NS
Ischemic ex ECG 57% 25% <0.0005
Abbreviations as in Table I.
338 YANG ET AL.
FREQUENCY OF THALLIUM-201 LATE REVERSIBILITY
lACC Vol. 15, No.2
February 1990:334-40
Table 4. Comparison of Scintigraphic Variables Between Patients
in the Late Imaging Group and the 4 h Imaging Group
arteries. Postintervention SPECT stress thallium-2Ot scinti-
gram showed normal thallium-20t myocardial uptake.
Discussion
The phenomenon of late thallium defect reversibility. We
previously described (5) the phenomenon oflate reversibility
in myocardial thallium-201 imaging and demonstrated that
late reversible defects by planar imaging are associated with
ECG and ventriculographic evidence of viable myocardium
in the associated regions. We have further demonstrated (6)
by single photon emission computed tomography (SPECT)
that late reversible defects imply viability of the associated
myocardial segments through demonstration that 95% of
such segments show improved thallium-2Ot uptake after
successful revascularization.
The most likely mechanism of late reversibility is de-
creased delivery of thallium-201 to a perfusion defect zone
during the redistribution interval, as might occur with de-
creased blood levels of thallium-201 or with hypoperfusion at
rest. Although others have suggested that 24 h images are
not of high quality, we have found (6) that late redistribution
images have satisfactory count statistics and are almost
always satisfactory for visual interpretation. These findings
are most likely due to our use of a dose of 3 to 4 mCi of
thallium-201 and longer imaging time (up to 50% longer) for
late imaging.
The frequency of late reversibility. The present study is
the first to address the frequency of late reversibility in
myocardial segments demonstrating nonreversible defects at
4 h. With the criterion of one or more segments demonstrat-
ing late reversible thallium-201 defects, 53% of patients with
two or more 4 h nonreversible defects or 22% of the 4 h
nonreversible defects had late reversibility. With a stricter
criterion of two or more segments demonstrating late revers-
ibility, 35% of patients or 19% of segments with 4 h nonre-
versible defects demonstrated late reversibility. Such obser-
vations are consistent with the findings of Rozanski et al.
(10), who showed that 14% of the 4h nonreversible thallium-
201 defects were associated with improvement in left ven-
tricular wall motion after successful revascularization.
We found that 66% of all the patients with a late revers-
ible defect had this thallium-201 pattern in two or more
segments. Therefore, the phenomenon of late reversibility
was common and often extensive. The comparison between
our patients undergoing late imaging (late imaging group) and
those undergoing only 4h redistribution imaging (4 h imaging
group) demonstrated minimal differences between the two
groups in terms of clinical, ECG and scintigraphic variables
(Table 4). Thus, it is likely that the frequency of late
reversibility observed in our study patients is close to the
frequency that would be observed in an unselected group of
patients referred for stress thallium-2Ot testing.
NS
NS
0.02
0.03
NS
p
Value
8.1 ± 4.0
18.8 ± 10.5
5.3 ± 3.3
14.1 ± 9.1
30
4 h Imaging
Group
(n = 98)
8.9 ± 3.6
20.9 ± 9.5
6.5 ± 3.6
16.7 ± 9.1
26
Late Imaging
Group
(n = 118)
*Mean number of segments ± SD; tmean ± SD.
Stress defect*
Stress severity scoret
4 h nonreversible*
4 h severity scoret
% segments reversible at 4 h
B
o
-----------------
c
A
typical angina. Immediately after thallium injection, images
showed severe reduction ofthallium-20t uptake in the lateral
left ventricular wall and moderate reduction in the inferior
wall. Coronary arteriography revealed a subtotal occlusion
of a dominant left circumflex coronary artery, a 50% to 70%
stenosis in the distal left anterior descending coronary artery
and a 50% to 70% mid-right coronary artery lesion. The
thallium-2Ot defects showed minimal reversibility at 4 h
redistribution imaging, but exhibited nearly complete revers-
ibility at 24 h late redistribution imaging. The patient under-
went four vessel coronary artery bypass surgery to the left
anterior descending, marginal branch and posterior descend-
ing branch of the left circumflex and distal right coronary
Figure 5. Thallium-20l single photon emission computed tomogra-
phy short-axis images from a patient with triple vessel disease,
showing a severe decrease in thallium-20l activity in the lateral left
ventricular wall and a moderate decrease in the inferior wall on the
preintervention post-stress images (A [top row]). Stress defect
reversibility was minimal at 4h (B) but nearly complete at 24 h (C).
Thallium-20t post-stress images after coronary bypass surgery (D)
showed normal myocardial uptake.
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Frequency of a 4 h nonreversible defect being associated
with viable myocardium. Several reports (1,3,6) have docu-
mented the relatively high frequency of 4 h nonreversible
thallium-201 defects being related to viable myocardium. Liu
et a1. (2) reported that 75% of myocardial segments with 4 h
nonreversible thallium-201 defects demonstrated normal
perfusion after successful coronary angiop1asty. By SPECT
imaging, we previously reported (6) that 72% of the segments
with 4 h nonreversible defects exhibited scintigraphic im-
provement after revascularization, whereas Gibson et a1. (1)
documented that 45% of nonreversible defects at 2 to 3 h
after stress thallium-201 injection demonstrated normal thal-
lium-201 uptake after coronary bypass surgery. Recently,
Brunken et ai. (3) showed that 58% of 4 h nonreversible
defects exhibited evidence of myocardial tissue metabolic
activity by 18F-2-deoxyglucose positron emission tomogra-
phy. Because none of these studies was designed to assess
the frequency of this observation, patient selection bias
might have played an important role in the apparent discrep-
ancies between these results and the results of our current
study. A "referral bias" may have caused the rather high
frequency of 4 h nonreversible segments that improved after
intervention (1,2,6) because myocardial regions in patients
with 4 h nonreversible defects and evidence of prior myo-
cardial infarction were less likely to be revascularized,
whereas those segments in patients without evidence of
myocardial infarction or with a positive stress test or clinical
evidence of myocardial ischemia would be more likely to be
revascularized. This referral bias would also be expected to
affect patient recruitment for further evaluation by positron
emission tomography (5).
Comparative frequency of reversibility at 4 h and combined
4 h and late imaging. By comparing the frequency of revers-
ibility at 4 h with that observed with combined 4 h and late
imaging in various myocardial regions (Table 2), we demon-
strated relative increases in reversible defect detection rang-
ing from 41% to 86% by combined 4 h and late imaging.
When all segments were considered, combined imaging
increased the proportion of reversible segments detected by
59% (p < 0.0001). Thus, from a practical clinical perspec-
tive, the number of segments considered viable on thallium-
201 stress redistribution imaging was increased by a large
percent using late imaging assessment.
Our current thallium-201 imaging protocol calls for initial
and 4 h imaging in all patients, and late imaging is performed
in those demonstrating 4 h nonreversible defects. The high
frequency of late reversibility noted in this study raises the
question of whether initial post-stress and late imaging alone
should be an alternative imaging protocol, eliminating the
4 h study. Indeed, when the determination of thallium-201
reversibility was based on initial and late imaging alone, 94%
of segments judged to be reversible by combined 4 h and late
imaging were correctly categorized as reversible. The signif-
icance of the unusual pattern of 4 h reversibility followed by
late nonreversibility is uncertain. Because the pattern is so
infrequent, it does not appear to be of major practical clinical
importance. Thus, our findings support the initial and late
imaging only protocol as a reasonable alternative to thallium-
201 imaging, especially in laboratories with a high incidence
of patients with 4 h nonreversible defects.
Comparison of stress electrocardiographic and clinical
variables in patients with and without late reversible defects.
Patients in the late imaging group who demonstrated late
reversibility of defects had a higher frequency of ischemic
ECG responses and tended to have a higher frequency of
induced chest pain and a lower frequency of a history of
prior myocardial infarction (Table 3) in comparison with
patients in whom all the 4 h nonreversible defects were also
nonreversible by late imaging. These findings are concordant
with data previously described by our group (5,6) suggesting
that late reversibility is a manifestation of viable myocar-
dium, whereas a late nonreversible defect is more likely to
represent myocardial scarring. The fact that 25% of the
patients without a late reversible defect demonstrated ST
depression on exercise ECG is consistent with our previous
observations (6) that some late nonreversible segments are
actually viable. This finding might also be explained by
ischemia identified by 4 h reversible myocardial segments
and not considered in our current analyses. Additionally, in
some of these patients, especially those with prior myocar-
dial infarction, these ST segment findings on exercise ECG
might represent a false positive response.
Predictors of late reversibility of defects. Because it is
frequently not possible to perform late imaging in all patients
with 4 h nonreversible defects, it would be useful to establish
predictors of the finding of late reversibility. We found that
late reversibility was more prevalent in patients with an
ischemic stress ECG response and tended to be more
frequent in patients with exercise-induced chest pain and no
history of prior myocardial infarction (Table 3). However,
none of these predictors of late reversibility-or its ab-
sence-was highly accurate in our study.
Limitations of study. Late redistribution imaging could
not be performed in all patients with a nonreversible defect
at 4 h for the reasons noted in the Methods section. To
assess possible selection bias, therefore, we compared clin-
ical, ECG and scintigraphic variables in patients undergoing
late imaging with those in a group of patients undergoing
only 4 h imaging. Although there was a higher mean number
of nonreversible segments at 4 h in the late imaging group
(6.5 versus 5.3 in the 4 h imaging group) and a greater mean
4h severity score (16.7 versus 14.1 in the 4 h imaging group),
the potential effects of these differences were counteracted
by the trend toward a lower frequency of myocardial infarc-
tion by both history and Q wave criteria and a higher
incidence of exercise-induced chest pain in the 4 h imaging
group (Table 1). These latter factors tend to favor the
occurrence of more late reversibility in the 4 h imaging group
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than in the group that underwent late imaging. Overall, the
minimal differences noted between the two groups suggest
that the frequency of late reversibility identified in the late
imaging group is likely to be close to that which would be
observed in an unselected group of patients.
The study utilized visual analysis of thallium-201 SPECT
to assess defect reversibility. Whereas inter- and intraob-
server variability for visual analysis has not been studied,
visual interpretation is inherently subjective. Quantitative
analysis programs for assessing late reversibility would
overcome this inherent limitation, but such programs have
not yet been fully developed and validated.
Clinical implications. Because of the high frequency of
late reversibility of defects that were nonreversible at 4 h
observed in this study, patients demonstrating a nonrevers-
ible defect at 4 h should be considered for late imaging to
maximize the detection of viable myocardium by thallium-
201 imaging. Late imaging would appear to be particularly
useful in patients with a 4 h nonreversible defect and no
history of prior myocardial infarction or those who have
clinical or ECG evidence of ischemia during exercise but do
not have reversibility of their stress thallium-201 defects at
4 h imaging. Because late imaging does not involve addi-
tional radioisotope injection or exercise, it should only
minimally affect the total cost of the thallium-201 study.
Our findings also suggest that initial and late imaging
alone may be a reasonable alternative protocol. Whether a
given laboratory would choose this approach versus the
standard approach of late imaging in patients with a 4 h
nonreversible defect would depend on the relative frequency
of nonreversible defects at 4 h in that laboratory. Finally,
because some thallium-201 defects that appear fixed at late
imaging may still be viable, when clinically pertinent, pa-
tients with late nonreversible defects may be considered for
further evaluation by positron emission tomography meta-
bolic imaging.
We are grateful to Lynne T. Roy, MS and James Bietendorf, CNMT for their
expert technical assistance.
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